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EP 0 641 448 B1 

Description 

[0001 ] The present invention relates to a method of and apparatus for detecting the displacement of a target in a given 
environment, and also to a method of and apparatus for determining the level of a sample in a container, especially, but 
5 not exclusively, by radar techniques. 

[0002] The invention relates particularly to liquid level sensing in a tank, but is also applicable to altimetry and intruder 
detection. It is most suited to relatively short range applications. 

[0003] It is known, for example from a paper entitled "Geophysical Radar Designs'*, by Oswald, G.K.A. (IEEE Pro- 
ceedings, Volume 1-35, Part F, No. 4, August 1988), to detect the displacement of a target relative to its environment by 
10 transmitting a radio-frequency impulsive signal towards the target, sensing the return signals from the target and the 
environment, and detecting displacement of the target by detecting any Doppler shift in the return signal waveform by 
simple high pass or band pass filtering. 

[0004] In that such a technique relies on the Doppler effect, it can only function successfully when there is a significant 
relative motion between the target and the environment (as would be the case, for example, if an aircraft were the "tar- 
is ger and the terrain were the environment). Such a technique cannot function at all when there is no relative movement 
between the target and the environment, since in this case there will be no Doppler shift Hence this technique is not 
suitable for sensing the level of a sample in a container, since, in many cases, the level might be expected to change 
only slowly, if at ail. For example, for petrochemical or soap tanks, changes of perhaps only 2.5cm per day in level are 
commonly experienced. 

so [0005] A radar-based technique for measuring the level of a liquid in a tank is also known. In this technique, a narrow- 
beam, high frequency (for example 10-12 GHz), narrow bandwidth (for example 3% of the centre frequency) frequency 
modulated transmit signal is transmitted via an antenna of roughly 0.3 m diameter towards a small region of the liquid 
surface. It will be appreciated that the frequency has to be relatively high and the antenna has to be relatively wide in 
order to produce a sufficiently narrow beam so that only this small region of the liquid surface is irradiated. The displace- 

25 ment of the surface is detected by sensing the return signals from solely the surface. 

[0006] Such a technique suffers from the disadvantages firstly that it is expensive to implement because of the rela- 
tively high frequency of operation. Secondly, it is limited by the size of its antenna to use in relatively wide tanks. Thirdly, 
it cannot take any account of the environment (in this case, the walls of the tank). This can lead to a loss of accuracy or 
effectiveness where the technique is used in a relatively small tank. 

30 [0007] FR-A-2 594 555 discloses an intruder detection system in which the reflected pulses of a sonar beam are dig- 
itised into a string of 0's and 1 *s and successive such strings are compared to detect the presence of an intruding object 
or person. 

[0008] A further radar-based technique is disclosed in European Patent Application No. 88302996.9 (EP0336025). A 
guided-wave level sensor based on wide-band technology is disclosed in United Kingdom Patent Application No. 
35 891 3720.2. (WO 90/1 5988) 

[0009] The present invention seeks to overcome the above problems, and especially to provide apparatus having res- 
olution and performance similar to the prior art liquid level measuring apparatus, but at a significantly lower cost 
[0010] According to the present invention, there is provided a method of detecting the displacement of a target in a 
given environment, comprising: 

40 

storing reference data comprising data representative of the environment; 

transmitting a transmit signal towards the target; 

sensing the return signals from the target and the environment; and 

detecting the displacement of the target by comparing the return signals and the stored reference data; 
45 characterized bv 

the reference data being updated at an update rate which is varied in dependence on the displacement of the tar- 
get. 

[0011] By storing reference data comprising data representative of the environment and detecting the displacement 
so of the target by comparing the return signals and the stored reference data, a displacement detection technique can be 
provided which can distinguish a target from its environment not only when their relative speed is high but even when 
there is no or very low relative motion. The comparison between the return signals and the reference data can serve to 
enhance the target return signal relative to the environment return signal ("clutter") and can additionally permit any tim- 
ing changes, such as drift or delay changes, in the electronic circuitry of the apparatus to be taken into account. 
55 [0012] Also, since the technique can take the environment into account, it is not necessary for it to operate either at 
relatively high frequency or with a relatively wide antenna. This can make the technique cheaper to implement than the 
known radar-based level sensing technique mentioned above, and can allow its use in relatively confined places. 
[001 3] Since the reference data are updated at an update rate which is varied in dependence on the displacement of 
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the target, the target displacement may be more accurately detected. This Variable time constant" updating feature 
can, for example, allow the accurate detection of targets with very slow motion compared to the measurement rate, as 
well as velocities up to the maximum velocity that can be handled by the measurement rate. The feature is applicable 
to all the three preferred embodiments described herein. 
5 [0014] Preferably, the detection of the displacement of the target includes comparing the return signals and at least 
a portion of the reference data prior to carrying out a thresholding process to identify a return signal from the target- and 
preferably includes subtracting one of the return signals and at least a portion of the reference data from the other prior 
to carrying out the thresholding process. 

[001 5] In the preferred embodiments, the target is the surface of a sample (for instance, a liquid), and the environment 
io is a container such as a storage tank, which may include specific internal features such as walkways or feed pipes. The 
transmission and sensing is typically of radio-frequency signals. The comparison may suitably be effected by some form 
of differencing technique. 

[001 6] The target displacement which may be detected may be the absolute location or range of the target relative to 
the environment or to some other location, its movement relative to a particular point its velocity, its acceleration, or any 
is other relevant positional parameter. The actual value of the displacement may be detected, or, for example, the detec- 
tion may merely be such as to indicate that displacement has taken place. 

[001 7] In a first preferred embodiment, which can have the advantage of yielding an accurate measure of target dis- 
placement, the return signals are compared only with stored reference data representative of the environment For 
economy of storage, if the transmit signal is transmitted from a transmitter, data representative of that part of the envi- 
20 ronment more distant from the transmitter than the target are not stored, although alternatively such data may be 
stored. 

[0018] In a second preferred embodiment, which can have the advantage of tracking the target accurately even in the 
presence of significant clutter, the stored reference data with which the return signals are compared comprise data rep- 
resentative both of the environment and of the target. For processing simplicity, preferably the reference data are rep- 

25 reserrtative of target and environment return signals stored at the same instant 

[0019] In a third preferred embodiment, which is a hybrid of the first two embodiments, the return signals are com- 
pared with reference data representative of the environment, and, if no displacement of the target is detected from this 
comparison, are additionally compared with reference data representative of the target and environment 
[0020] Timing changes in the electronic circuitry of the apparatus may be taken into account more completely and the 

30 target displacement may be more accurately detected, if the stored reference data are representative of return signals 
sensed at at least one previous instant 

[0021] Particularly in the second preferred embodiment, preferably the stored reference data are only updated if dis- 
placement of the target is detected, since otherwise small, subliminal displacements or slow drift of the target might go 
undetected. 

35 [0022] Since the method may be used for detecting small or even minuscule target displacements, preferably timing 
errors, such as might be caused by delay changes or drift in the electronic circuitry of the apparatus, are detected and 
compensated for. 

[0023] Hence, preferably the relative timing of the reference data and the return signals is compared and compensa- 
tion is made if any timing error is detected from the comparison. 
40 [0024] To compensate for delay changes, the respective timings of a reference point on the return signal waveform 
and on the reference data may be compared. For example, such a reference point might be the direct wave transmitted 
between the transmitter and the receiver or the direct leakage of the transmitted signal into the receiver. Preferably, the 
respective intervals between two reference points on the return signal waveform and on the reference data are com- 
pared. 

45 [0025] To compensate for drift, the interval between two reference points on the return signal waveform may be com- 
pared with a reference value, and compensation may be made if any timing error is detected from the comparison. 
[0026] Gain compensation may also be required, and this is preferably effected via a comparison between the respec- 
tive amplitudes of a reference point on the return signal waveform and on the reference data. 

[0027] There are several possible techniques which may be employed in the initial acquisition of the target These 
so may, if appropriate, be used in combination. For example, data representative of the environment may be determined 
in the absence of the target The target may be initially identified as the first feature for which a displacement is 
detected, or the target may be initially identified by the user. 

[0028] For processing economy, preferably data representative of a predetermined portion of the environment adja- 
cent the target is stored, the storage of data being arranged to keep track of movement of the target Hence processing 
55 can be carried out in a relatively narrow processing window. 

[0029] Preferably, the transmit signal has a frequency in the radio-frequency range (preferably in the range 1 MHz to 
1000 GHz, more preferably in the range 100MHz to 10GHz), the return signals are frequency down-converted to the 
audio-frequency range (preferably 0 Hz to 20 kHz), and data processing in the detection step takes place at least partly 
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in the audio-frequency range. In this way, the cost of the apparatus can be considerably reduced, since components 
which function in the audio-frequency range are often very considerably cheaper than those which function in the radio- 
frequency range. 

[0030] If the transmit signal is transmitted by, a transmitter, then preferably target displacement data produced in the 
5 detection step are compensated (preferably by suitable compensating means) in dependence on the distance of the tar- 
get from the transmitter. This can ensure that the target return signal is given equal weight however far from the trans- 
mitter it is. 

[0031 ] If, as is preferred, the target displacement is detected in dependence on a difference waveform derived by com- 
paring the return signals and the stored reference data, and preferably derived by subtracting one of the return signals 
w and the reference data from the other, then preferably the target displacement is detected in dependence on the loca- 
tion of an edge of the difference waveform in the region corresponding to the target position. This can afford a particu- 
larly accurate determination of target displacement, because it can minimise the effect of receiver noise on 
measurement accuracy. It is also possible to define target displacement in terms of peaks or troughs in the return signal 
waveform. 

is [0032] The invention can also provide various alarm signals to warn the user of potential problems or failures. For 
example, if the velocity or acceleration of the target is detected, an alarm signal may be produced if the velocity or accel- 
eration exceeds a predetermined threshold value. This could provide a warning of abnormal target behaviour. As 
another example, an alarm signal may be produced if the amplitude or change in the amplitude of a reference point on 
the return signal waveform exceeds a predetermined threshold value. This can warn the user of equipment failure, 

20 which would often cause excessive amplitude changes. 

[0033] The invention extends to apparatus for detecting the displacement of a target in a given environment, compris- 
ing: 

means for storing reference data comprising data representative of the environment; 
25 means for transmitting a transmit signal towards the target; 

meahs for sensing the return signals from the target and the environment; and 

means for detecting the displacement of the target by comparing the return signals and the stored reference data; 
characterised by 

the storage means being adapted to update the reference data at an update rate which is varied in dependence on 
30 the displacement of the target 

[0034] Preferably, in the method of detecting the displacement of the target, the transmit signal is a broadband pulse, 
and has a bandwidth greater than 20% of its centre frequency. 

[0035] The target may be the surface of the sample. The sample may, for example, be a liquid. 

35 [0036] By working at a considerably wider relative bandwidth than in the prior art liquid level sensing apparatus, appa- 
ratus according to the present invention can be built more cheaply than the prior art apparatus (perhaps at only one fifth 
of the cost), in that it can operate at considerably lower frequency. Components for this type of apparatus designed to 
operate at frequencies near 10 GHz may be considerably more expensive than components designed to operate at 
lower frequencies, say, 2.5, 3 or 5 GHz. 

40 [0037] The bandwidth is preferably greater than 40%, more preferably greater than 60% or even 75% or 100% of the 
centre frequency of the transmit pulse. 

[0038] Using the proposed wide relative bandwidth allows operation at the relatively low frequency of 5 GHz. At such 
a low frequency, a significantly broader beam than that produced in the prior art is produced, and hence is considerably 
more likely to pick up return signals from the walls of the containers as well as from the sample. For this reason, the 
45 invention may advantageously be combined with this broadband aspect. 

[0039] Since high range resolution can be achieved at the relatively low frequency of 5 GHz or less, reflection off the 
walls of the container can be accurately resolved into different range bins, which can help to minimize the clutter in a 
given range bin. 

[0040] Hence operation at a lower frequency is beneficial to the invention. 
so [0041 ] Preferred features of the present invention will now be described, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is a sketch of apparatus for detecting the displacement of a target in its environment according to the 
present invention; 

55 Figures 2a and 2b are block diagrams showing the architecture of the apparatus; 
Figure 3 illustrates a transmit pulse transmitted by the apparatus; 

Figure 4 illustrates the return signals at a time T 1 following transmission of the transmit pulse; 
Figure 5 illustrates the return signals at a later time T 2 ; 
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Rgure 6 illustrates the use of a sampling window in the processing of the return signals; 
Figure 7 is a flow chart illustrating the signal processing in a first preferred embodiment of the invention; 
Figure 8 illustrates the concepts of delay change, drift and gain compensation in relation to the return signal wave- 
form; 

5 Rgure 9 illustrates how the target displacement is detected for the first preferred embodiment; 

Rgure 1 0 illustrates the preferred technique for precision target displacement detection; 

Rgure 11 is a flow chart illustrating the signal processing in a second preferred embodiment of the invention; and 
Rgure 12 illustrates how the target displacement is detected for the second preferred embodiment. 

10 [0042] Referring now to Rgure 1 . apparatus for detecting the displacement of a target comprises generally processing 
equipment housed within a housing 10. and a radio-frequency transmitter and receiver coupled to the processing equip* 
merit and taking the form of a combined transmit/receive antenna 12 including separate active elements for transmit 
and receive. The height of the antenna in this embodiment is 0. 15m; its diameter is 0.07m. Hence it is sufficiently narrow 
to be mounted in confined spaces, such as the narrow feed pipe of a storage tank. 
is [0043] The apparatus is arranged at the top of a tank 14 holding liquid 16 such that it can transmit broadband radio- 
frequency transmit pulses to the liquid and the tank walls and sense the reflected return signals from these features. 
[0044] The apparatus is designed to operate at a centre frequency of 2.5GHz, over a bandwidth of 2GHz, that is, in 
a range from 1 .5 to 3.5GHz. Hence it produces a broad transmit pulse, such as would in general generate return signals 
not only from the liquid surface but also from the walls of the tank. 
20 [0045] The architecture of the target displacement detection apparatus is now described in general terms with refer- 
ence to Rgure 2a. A delay generator 01 containing a precise timing reference such as a crystal oscillator produces tim- 
ing pulses to trigger the transmitter S1 to produce a radio-frequency transmit pulse. This is propagated into space by 
the transmitting antenna A1 and reflected off the various targets and their environment (clutter). The reflected return 
signals are detected by the receiving antenna A2, amplified and filtered by module R1, which includes a 1 to 4 GHz 
25 bandpass filter to exclude out of band interference, and then sampled by sampler S1 . The sampler S1 is essentially the 
same as that disclosed in International Patent Application No. PCT/GB90/00602. The sampling times are controlled by 
the delay generator D1 to sample the return signals at a sequence of well defined regularly spaced delays after the 
transmitter transmits. The sampler S1 downconverts the signals to a low frequency audio signal. This signal may be low 
pass filtered by audio-frequency amplifier and filter AF1 to maximise the signal-to-noise ratio. It is then digitised by ana- 
30 logue- to-digital converter ADC1 and processed using processor P1. The transmitter T1 produces a delayed transmit 
reference pulse which is injected into the sampler S1 for timing compensation. In an alternative embodiment, this refer- 
ence could be supplied by the direct wave from a subsequent measured waveform or, as explained later, by one or more 
clutter features. 

[0046] In a variant of the present invention illustrated in Rgure 2b, the antenna A2 is replaced by a switch SW1 which 

35 connects a single antenna to the transmitter T1 and the receiver R1 in turn. 

[0047] The typical shape of a transmit pulse is shown in Rgure 3. The shape of this pulse is not critical so long as it 
corresponds to a frequency band which is wide relative to the centre frequency of operation. For example, it could alter- 
natively comprise 1 V£ cycles rather than one cycle. The delay generator D1 is arranged to repetitively produce relatively 
short pulses centred on a frequency of 2.5GHz. The use of short pulses allows clutter to be resolved satisfactorily at 

40 different ranges. 

[0048] The operation of the preferred embodiments of the present invention is now described in overview with refer- 
ence to Figures 4 and 5. which show the reflected return signals following the transmission of the transmit pulse at ear- 
lier and later instants T-j and T 2 separated, say, by one time step, tstep. The signals are shown after conversion into the 
audio-frequency range. The regularly spaced sampling times are denoted by crosses on the return signal waveforms. 
45 The waveforms exhibit, in time sequence, a direct wave, which is the wave transmitted directly between the two anten- 
nae (or, in the case of the Figure 2b variant, a reference signal caused by transmitter leakage). The direct wave is fol- 
lowed by return signals from the environment (also known as "clutter"). Unless the context otherwise demands, the 
clutter is defined as return signals from ail features prior to the target return signal (that is, usually prior to the leading 
edge of the target return signal). However, direct clutter can be at longer delays than the liquid surface if. for example. 
so the radius of the tank is greater than the liquid depth. In such circumstances, the clutter may be defined as return sig- 
nals from all features other than the target return signal, but excluding multipath echoes. In the case of liquid level sens- 
ing in a container, the clutter will therefore be due to features of the container above the liquid level, and the target return 
signal will be due to the liquid level itself. The clutter is followed by the target return signal at a delay time to after the 
direct wave. The target return signal is itself followed by multipath echoes from various features of the container and 
55 liquid. Finally, these are in turn followed by the delayed transmit reference pulse. 

[0049] At the later instant T 2 . following a further transmit pulse, the return signal waveform may have changed, for 
instance due to movement of the environment or of the target, or due to delay changes or drifts in the electronic circuitry. 
[0050] In the preferred embodiments, the effects of changes in the environment and in the electronic circuitry are min- 
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imised by subtracting at least a portion of the waveform shown in Figure 4 relating to the environment close to the target 
from the waveform of Figure 5, so as to enhance the target return signal relative to the clutter. The target is then iden- 
tified in the difference waveform thus produced as the first or the highest amplitude signal above a certain threshold. 
[0051 ] However, if the signal to clutter ratio is sufficiently high, the differencing technique described above may not be 
5 necessary. In this case, the target is identified in the return signal waveform as the highest amplitude signal after the 
direct wave. The signal to clutter ratio may be sufficiently high, for example, in the case of water level being sensed in 
a relatively large diameter container. 

[0052] Once the target has been identified at the new time instant T 2 , the displacement of the target is then computed 
from the following equation: 

10 

rt = c * td/2 + rref Equation 1 

where rt is the range of the target, c is the speed of light through the propagating medium (which is typically air, but 
might be a non-conducting fluid such as a petrochemical), and rref is the correction to be applied for the direct wave 

15 delay, which in the two antenna form of the apparatus will approximate to the separation between the antennae. The 
target range, velocity and/or acceleration, as appropriate, may be determined using Equation 1. 
[0053] A variant of the present invention is now described with reference to Figures 2a, 2b and 6. In this variant (see 
. the dotted connection in Figures 2a and 2b) the processor P1 is connected to the delay generator D1. The processor 
controls the sampling delay of the sampler S1 to track the target in a relatively narrow window encompassing the target 

20 The processor also controls the sampling delay to track the direct wave in a further relatively narrow window. Tracking 
is based on predictions of target position. This is illustrated in Figure 6, which shows a return signal waveform proc- 
essed as described above. 

[0054] Using this technique, processing bandwidths may be minimised, especially when only a single target is of inter- 
est This may be of considerable practical importance. For example, if liquid level is being sensed in a 20m tank at a 
25 4mm data point spacing and a one second time step spacing, and the maximum liquid level change is known to be, say, 
400 mm per second, a considerable saving in processing power and time may be achieved if a window of only, say, 1 m 
of the environment adjacent the target is tracked at any one instant 

[0055] It will be appreciated that the apparatus described with reference to Figures 2a and 2b may be modified in a 
number of ways. For example, a book entitled "Introduction to Radar Systems'*, Second Edition 1981, by Stolnik, M.I., 

30 published by McGraw-Hill, discloses at pages 420 to 434 various synthetic pulse modulation schemes which utilise sig- 
nal processing to produce compressed pulses which are significantly shorter than the radiated pulse. In particular, FM 
pulse compression and phase coded pulse compression schemes are disclosed. Either of these schemes could be uti- 
lised with the present invention. In either case, the compressed waveform could be digitised to produce a similar audio 
output to that shown in Figure 4, and hence processed appropriately. A block diagram of the transmit/receive electronics 

35 for FM pulse compression is given in Figure 1 1.14 of this reference. 

[0056] The operation of three particularly preferred embodiments of the invention is now described. In a first preferred 
embodiment, for accurate detection of target displacement the effects of changes in the environment and in the elec- 
tronic circuitry are minimised by subtracting out just the clutter, as sensed at a previous instant from the return signals 
generated at a later instant; in a second preferred embodiment these effects are minimised by subtracting out both the 

40 clutter and the target return signal, as sensed at a previous instant, from the return signals generated at a later instant; 
a third preferred embodiment is a hybrid of the first two preferred embodiments, which seeks to use the most advanta- 
geous aspects of both. 

1. THE CLUTTER SUBTRACTION TECHNIQUE 

45 

[0057] Referring specifically to the first preferred embodiment (the "clutter subtraction" technique), the processing of 
the return signals is carried out in the following steps: - 

1 . Target acquisition, where the target of interest is identified. 
so 2. Delay change and drift compensation, using the direct wave and/or known clutter. 

3. Gain compensation, using the direct wave amplitude. 

4. Moving target detection, by variable time constant clutter subtraction. (By "variable time constant" is meant that 
clutter from various preceding instants is subtracted). 

5. Precision target location. 

55 6. False alarm rejection, based on maximum velocity or acceleration criteria. 

[0058] These steps are illustrated in the flow chart of Figure 7. 

[0059] Each of these steps is now considered in more d tail with reference to Figures 7 to 10. 
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11 TametAcQuistti n 

[0060] There are three major possibilities for the initial acquisition of the target once the apparatus has been installed. 

5 (a) If the apparatus can be calibrated without the target present (for example, with no liquid in the container), then 

a complete "clutter waveform" is stored and used in the differencing procedure described in Section 1.4 below to 
identify the target. 

(b) If circumstances preclude calibration in the absence of the target (such as might be the case if it is not possible 
to empty the container) then a reference waveform comprising the entirety of the return signal waveform is stored 

w and measurements are taken at regular intervals until a change is observed. This change is identified with the tar- 
get having moved. Then the target location in the difference waveform with respect to the direct wave is calculated 
and stored. Finally, the waveform up to the target position is stored as the "clutter waveform". This technique is par- 
ticularly appropriate where the target has a low radar cross-section (such as petrol). 

(c) If the user knows where the target is, this information can be input to the apparatus, and the waveform up to the 
75 target can be stored as the "clutter waveform". The clutter waveform after this point is padded with zeros. This tech- 
nique is particularly appropriate where the target has a high radar cross-section (such as water). 

1.2 Delay Cha nge and Drift Compensation 

20 [0061 ] The concepts of delay change and drift compensation are now described with reference especially to Figure 8. 
[0062] Delay change is manifested in Figure 8 as the overall timing difference between waveform 1 at one instant and 
waveform 2 at a different instant. The timing difference may be measured at any convenient reference point in the wave- 
forms, such as the leading edge of the direct wave. Delay change is caused primarily by changes in delay through the 
components of the apparatus. For example, the delay of electromagnetic waves through cables and active devices var- 

25 ies with temperature. Drift is manifested in Figure 8 as the timing difference between D1 and D2, D1 and D2 being 
measured between two corresponding reference points respectively on waveform 1 and waveform 2. Drift is defined as 
D2/D1 , and is equal to the ratio of the sampling intervals. Drift is usually associated with a change in slope of the delay 
generator D1 , for example caused by a drift in the reference crystal oscillator within the delay generator. 
[0063] In the present invention, the preferred method of delay and drift compensation is as follows. 

30 

(a) The positive and negative peaks of the direct wave are located. 

(b) Curve fitting around these peaks is carried out to locate the positions of the maxima. For example, the maxima 
and minima of the sampled waveform could be located, and a quadratic fit employed to find the peaks. 

(c) The measured waveform and the reference waveform are aligned so that they both have the direct wav at the 
35 same delay. Interpolation may be used if necessary. This compensates for delay changes in components. 

(d) The delayed transmit reference pulse is located and the interval evaluated between the direct wave and this ref- 
erence. Again curve fitting is carried out to find the peak of the delayed transmit reference as in (b) above. If the 
delayed transmit reference is unavailable then the time interval between the direct waves in two successive meas- 
ured waveforms is evaluated. 

40 (e) The sampling interval is evaluated as the time between the direct wave and the delayed transmitter reference 
divided by the number of samples between them. The time between these two points is factory set and so is known 
accurately. If any shift in the data is found to be required due to drift in the sampling interval, this is achieved by 
padding the data with leading or trailing zeros, or by any other appropriate means (such as leaving undefined points 
unaltered). This compensates for any drift in the return signal waveform. 

45 

[0064] An adjustment in the sampling interval could alternatively be effected by a frequency analysis of the direct 
wave which would identify an apparent frequency change caused by the variation in sampling interval. 
[0065] It will be appreciated that the above delay change and drift compensation techniques essentially use the known 
characteristics of the clutter to calibrate out long term delay changes and drifts. 

so [0066] If multiple clutter return signals are available, it is possible to improve the delay change and drift compensation 
by averaging over a number of clutter features. Furthermore, one or more of the clutter return signals could be used in 
the compensation techniques instead of the delayed transmit reference pulse or the d&rect wave. If desired, extra clutter 
features, such as a metal plate on the wail of a tank, could be deliberately introduced into the environment, so that the 
advantages of using multiple clutter features could be realised. 

55 [0067] It will also be appreciated that the above delay change and drift compensation techniques may not always need 
to be employed, since some delay change and drift compensation is in any case afforded by subtracting the stored clut- 
ter waveform from the return signals. Whether this latter compensation is sufficient depends on the apparatus used and 
on the surrounding circumstances. 
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1.3 Gain Compensation and Health Monitoring 

[0068] Referring again to Figure 8, the gain A1 in waveform 1 at one instant may be different from the gain A2 in wave- 
form 2 at another instant Gain change is defined as A2/A1. Gain change may be caused by equipment malfunction or 
by a slow drift in the transmitter power or receiver sensitivity 

[0069] Gain change can be detected by estimating the amplitude of the direct wave for each waveform by a process 
of curve fitting and interpolation around the direct wave, as described in Section 1 .2 above. 

[0070] If the gain change is due to equipment malfunction (hence causing a gross amplitude change above a given 
threshold), then an alarm is activated to warn the user of a malfunction. 

[0071] ff the gain change is due to slow drift in the equipment it is compensated for by an appropriate adjustment in 
the amplitude of waveform 1 or 2. 

[0072] Gain compensation may also be required if the direct current offset of the sampler S1 drifts with temperature. 
Compensation is provided by subtracting a fixed offset from the measured waveform. This offset can be derived either 
as the mean value of the return signal waveform or else from sampling the received waveform before the transmit pulse 
arrives (that is, in the absence of excitation from a transmit pulse). Alternatively, the output of the sampler S1 may be 
capacitively coupled into the AF amplifier AF1 to remove dc drift effects. 

1.4 Moving T arget Detection 

[0073] The detection of the displacement of the target is described with reference to Figure 9. Following each transmit 
pulse, a clutter waveform stored at a previous instant (normally the immediately previous instant) is subtracted point by 
point from the current, compensated return signal waveform, to derive a difference waveform. A thresholding process 
is applied to the difference waveform. The threshold depends on range (or else the transmitter power is increased at 
longer range, or the gain of the receiver is range dependent) so as to be able to detect small targets at long range while 
rejecting high amplitude clutter at short range. If the target has moved, this movement can be detected from an analysis 
of the difference waveform once the thresholding process has been applied. In single target applications, the target is 
normally identified as the first reflection above threshold as this rejects automatically multipath echoes. Multipath ech- 
oes are signals which arise from the target by other than the direct path, for instance, a transmit pulse reflected off th 
walls of a tank on to the liquid level and thence back to the receiver. 

[0074] The target delay td is evaluated by working out the delay between the peak corresponding to the target in the 
difference waveform and the position of the direct wave in the current return signal waveform. Alternatively, any other 
consistent point in the difference waveform could be used, such as a point on the leading edge of the target return sig- 
nal. The target range can then be derived from Equation 1 . 

[0075] The clutter waveform is updated to the point just before the leading edge of the target return signal. In the pre- 
ferred embodiment, the rest of the clutter waveform is unaltered, but other strategies, such as padding the waveform 
with zeros, are possible. Since the update rate can be rapid (many times per second), the drift between measurements 
will be small and so there is no danger of false alarms from the clutter drift. Whenever the liquid level falls below the 
initially acquired level (as described in Section 1 .1) the range of the clutter waveform is extended out. towards the max- 
imum range of the system, to the new liquid level. If a clutter peak should suddenly appear (for instance from an object 
that was under the liquid level surface), it should be registered as clutter as soon as a measurement occurs where the 
target moves and the clutter is stationary. This property means that the system should recover from transient targets in 
the field of view of the sensor (for example, if a user steps into the field of view). 

[0076] Whenever the liquid level rises again, for computational economy only that portion of the clutter waveform up 
to the target return signal need be retained in storage. Alternatively, all of the clutter waveform may be retained in stor- 
age. In both cases, only the clutter waveform up to the target return signal is actually updated. It will be seen that the 
latter alternative of retaining all of the clutter waveform represents a variable time constant clutter subtraction proce- 
dure. 

[0077] The target velocity is estimated from the change in range of the target from the previous measurement. This 
velocity can be used to predict the location of the target at the next measurement and hence narrow the search area for 
the target by allowing data processing to be carried out only in a given window (as described previously). This reduces 
the processing bandwidth required. Likewise the acceleration can be similarly estimated. 

[0078] Suppose three successive measurements of the target range are r0, r1 and r2, and the time between succes- 
sive transmit pulses is tstep. Then estimates of the velocity at time zero and the acceleration at time zero (correspond- 
ing to position rO) are: 

v0=(4*r1 -3*r0-r2)/(2*tstep) Equation 2 . 

a0=(r2-2*r 1 +r0)/{tstep 2 ) Equation 3 
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[0079] These can be used to provide updated smoothed estimates of acceleration and velocity:- 

v=KV0+K1 Void Equation 4 

5 a=Ka*a0+K1a*aold Equation 5 

where aold and void are the last estimates of acceleration and velocity and K, K1, Ka, K1a are filter con stants chosen 
based on a knowledge of the maximum rate of change of acceleration of the system. These estimates can be used in 
addition to the techniques described in Section 1.6 to provide warning signals if the target motion is unfavourable or 
10 safety levels might be breached 

[0080] It will be understood that this first embodiment can measure target displacement particularly accurately pro- 
vided that the relevant target can be uniquely identified. 

L5 Precision Target Location 

15 

[0081 ] The approximate position for the target found by the difference and thresholding process described above may 
be refined in three ways:- 

(a) Correlation detection may be performed around the peak of the target return signal to lower the false alarm rate. 
20 In general, this processing method is not preferred for the first preferred embodiment, as the other procedures men- 
tioned below require less processing bandwidth and can be as accurate. 

(b) Curve fitting may be carried out around the detected peak to form a precision estimate of the peak of the target 
waveform. 

(c) In situations where the signal-to-noise ratio is more marginal, the most accurate measurement of position may 
25 be made on an edge of the target return signal waveform because, for the same amount of amplitude jitter, there is 

a minimum time shift in the waveform. At the peak, on the other hand, noise may have more effect on the signal 
because the slope of the signal is zero. Thus, having evaluated the position of the peak of the waveform, a precision 
detection decision may be made based on the half amplitude point of the rising edge, this is illustrated in Figure 
10, where the half amplitude point is denoted as the "Detection Point". 

30 

16 False Alarm Rejection 

[0082] The introduction of a transient target into the environment (such as a user entering a large storage container) 
can be detected according to whether the speed of this target violates a specified maximum target speed. Such a tran- 
35 sient target is treated as a "false alarm". If such a target is detected, the location of the genuine target is stored to opti- 
mise reacquisition of this genuine target when the transient target is removed. Unusual noise in the return signal 
waveform is treated in the same fashion. 

[0083] If the transient target apparently persists for too long (for example, longer than a specified duration), then an 
alarm is raised, on the basis that the transient target is not transient at all, or that the violation of the maximum target 
40 speed indicates unfavourable or unsafe target motion. 

[0084] In one embodiment, the alarm is such as to decay once the transient target has been removed. 

[0085] The condition for a valid new target position r1 (such as would cause the alarm to decay) a time tstep after a 

measured position of rO with a specified maximum speed vmax is:- 

45 rO-vmax*tstep<r1 <r0+vmax*tstep Equation 6 

[0086] Additionally, if the target motion is used to evaluate target speed, bounds on acceleration can be used to iden- 
tify other non-physical motions of the target to base alarms on. For the r1 ,r0 and tstep as above, with an estimated 
speed of v (which may be positive or negative) and a maximum acceleration of amax:- 

50 2 2 

r0+v*tstep-0.5*amax*tstep <r1 <r0+v*tstep+0.5*amax*tstep Equation 7 

2. THE DIFFERENCE PROCEDURE TECHNIQUE 

55 [0087] Referring specifically to the second preferred embodiment (the "difference procedure" technique), the process- 
ing of the return signals is carried out in essentially the same way as the steps stated in Section 1 above in relation to 
the first preferred embodiment, except that the moving target detection may be considered as being effected by a some- 
what different, variable time constant high pass filtering technique. A stored reference waveform representative of the 
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clutter and target return signals from a selected previous instant is subtracted from the current return signal waveform 
to produce a difference waveform. The relevant process steps are illustrated in the flow chart of Figure 1 1 . 
[0088] Each of these steps is now considered in more detail with reference to Figures 1 1 and 12. 

5 2.1 Target Acquisition 

[0089] The same basic target acquisition techniques as proposed in Section 1.1 are applicable to the procedure of 
the second preferred embodiment 

10 (a) If the apparatus can be calibrated without the target present, then a complete clutter waveform is stored as the 
reference waveform; this is used in the differencing procedure described in Section 2.4 below to identity the target. 

(b) (f the circumstances preclude calibration in me absence of the target, then a reference waveform comprising the 
entirety of the return signal waveform is stored and measurements are taken at regular intervals until a change is 
observed. This change is identified with the target having moved. Next, the target location is calculated and stored. 

75 Finally, the return signal waveform at the instant of the change is stored as the reference waveform. 

(c) If the user knows where the target is. this information can be input to the apparatus, and the entire return signal 
waveform is stored as the reference waveform. 

2.2 Delay Change and Drift Compensation 

20 

[0090] The same techniques of delay change and drift compensation as described in Section 1 .2 above in relation to 
the first preferred embodiment apply equally to the second preferred embodiment 

2.3 Gain Compensation and Health Monitoring 

25 

[0091] The same techniques of gain compensation and health monitoring as described in Section 1,3 above in rela- 
tion to the first preferred embodiment apply equally to the second preferred embodiment 

2.4 Moving Target Detection 

30 

[0092] Following each transmit pulse, the previously stored reference waveform is subtracted point by point from the 
current compensated return signal waveform to derive a difference waveform. As with the clutter subtraction technique 
described in Section 1 above, a range-dependent threshold is applied to the difference waveform to identify the target. 
Again, the target is normally identified as the first reflection above threshold as this rejects automatically muitipath ech- 
35 oes. In the case of the difference procedure of the second preferred embodiment the polarity of the difference wave- 
form reverses for a target approaching the transmitter compared to one receding from it, as illustrated in Figure 12. Thus 
the thresholding process tests the absolute or rectified amplitude of the difference waveform. 

[0093] If the target has moved then the current measured return signal waveform is substituted for the stored refer- 
ence waveform. Otherwise, the stored reference waveform is retained. This feature of retaining the reference waveform 
40 is important, since if the target moves only a fraction of a puise width the difference will be small and hence rejected by 
the processing. Thus, if a target moves at a constant but very slow speed, in the absence of this feature its movement 
would not be detected by the difference procedure since al) the differences between successive time steps would be 
small. 

[0094] The target delay and hence the target range are evaluated in the same way as described in Section 1, as are 

45 the target velocity and target acceleration. 

[0095] Referring again to Figure 12, the first peak in the difference waveform will lag the motion of the target by one 
time step when the target is receding if the target is detected with increasing range from the receiver. This effect can be 
compensated for, since the motion of the lagging waveform will follow the motion of the actual waveform, and so the 
derived estimates of velocity and acceleration can be used to compensate for the lag. Alternatively, the time step can 

so be chosen sufficiently short that the target does not move a significant distance in a single time step. 

[0096] ft will be understood that this second embodiment is particularly efficient at tracking a moving target because 
the difference waveform is negligibly small unless the target moves. Thus target movement is easily discernible in the 
difference waveform. 

55 2.5 Precision Target Locati n 

[0097] The precision target location techniques described in Section 1 .5 in rrAa&on to the first preferred embodiment 
are also applicable to the second preferred embodiment Correlation detection (see Section 1 .5(a)) is particularly useful 
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with the procedure of the second embodiment since it can allow for the difference waveform obtained with this proce- 
dure being somewhat distorted for a slowly moving target ("slowly" being defined as the target moving by less than the 
width of a radiated puJse over the period between measurements (a time step)). 

5 2.6 False Alarm Reiecti n 

[0098] The false alarm rejection techniques described in Section 1 .6 in relation to the first preferred embodiment are 
also applicable to the second preferred embodiment It should be noted that to optimise reacquisition of the genuine 
target when the transient target is removed, the genuine target location is stored, but the reference waveform is not 
10 updated until movement of the genuine target is again detected. 

3. HYBRID TECHNIQUE 

[0099] A potential difficulty with the clutter subtraction technique described in Section 1 arises if a target such as a 
75 walkway, ladder or pipe initially below the surface of the liquid becomes uncovered as the liquid level falls. The clutter 
subtraction technique might acquire this emerging clutter as the target The differencing technique of Section 2 would 
re-acquire the liquid as it fell further whereas the clutter subtraction technique might not. The hybrid technique handles 
this eventuality. 

[0100] Thus the third preferred embodiment is a hybrid of the clutter subtraction and difference procedure techniques 
20 described in Sections 1 and 2 above. The third embodiment utilises both the potentially greater accuracy of the clutter 
subtraction technique in the measurement of target displacement and the potentially greater ability of the difference 
procedure technique to track correctly a moving target. 

[0101 ] The apparatus of the third embodiment operates at each instant f irstly in the clutter subtraction mode. However, 
if, at a particular instant the clutter subtraction mode detects no displacement of the target, then the difference proce- 
ss dure technique is used in addition. If, on the one hand, no target displacement is detected even by the difference pro- 
cedure technique, then the procedure reverts to the clutter subtraction mode at the next instant with the clutter 
waveform, but not the reference waveform, being updated. If, on the other hand, target displacement is detected by the 
difference procedure technique, then the clutter subtraction mode is utilised at the same instant to compute a more 
accurate value of target displacement. The procedure then remains in the clutter subtraction mode at the next instant. 
30 with both the clutter waveform and the reference waveform being updated. 

[0102] The techniques described in Sections 1 and 2 above are applicable, as appropriate, to the hybrid technique. 
[0103] The invention described above relates to the use of a technique for short range electromagnetic s nsing. In 
the architecture of the present invention, high range resolution is used to limit the extent of the clutter together with var- 
iable time constant digital filters to allow the detection of targets with very slow motion compared to the measurement 
35 rate as well as velocities up to the maximum velocity that can be handled by the measurement rate. The current inven- 
tion has a major application in liquid level sensing where typically one needs to sense the distance of the liquid interface 
from a sensor in order to gauge the tank contents. In this case, the clutter environment is the supporting structure for 
the sensor and the tank containing the liquid. Thus clutter will include multiple reflections between the antennae and 
reflections from the walls of the tank, walkways or feed pipes within the tank. 
40 [0104] A second application is to altimetry where for instance one wants to maintain a platform (e.g. an aircraft) at a 
constant height above ground as a landing aid giving precision feedback of height in the last few metres of descent. This 
is achieved by using the sensor output to feedback the height above ground to the altitude controller. 
[0105] A third application is to short range intruder detection, where an intruder is detected approaching an area 
guarded by a sensor. In this case, the moving target will be the intruder and the clutter is nominally static. 
45 [0106] It will be understood that the present invention has been described above purely by way of example, and mod- 
ifications of detail can be made within the scope of the invention. 

Claims 

so 1 . A method of detecting the displacement of a target (1 6) in a given environment (14), comprising: 

storing reference data comprising data representative of the environment (14); 
transmitting a transmit signal towards the target (16); 
sensing the return signals from the target (16) and the environment (14); and 
55 detecting the displacement of the target (16) by comparing the return signals and the reference data; 

characterized bv 

the reference data being updated at an update rate which is varied in dependence on the displacement of the 
target (16). 



11 



EP0 641 448 B1 



2. A method according to Claim 1 , wherein the detection of the displacement of the target includes comparing the 
return signals and at least a portion of the reference data prior to carrying out a thresholding process to identify a 
return signal from the target. 

3. A method according to Claim 1 or Claim 2 t wherein the detection of the displacement of the target includes sub- 
tracting one of the return signals and at least a portion of the reference data from the other prior to carrying out a 
thresholding process to identify a return signal from the target 

4. A method according to any of the preceding claims, wherein the target is a surface of a sample and the environment 
is a container for the sample. 

5. A method according to Claim 4, wherein the target is the surface of a liquid and the environment is a container for 
the liquid. 

6. A method according to any of the preceding claims, wherein the return signals are compared only with stored ref- 
erence data representative of the environment (14). 

7. A method according to any of the preceding claims, wherein the transmit signal is transmitted from a transmitter 
(12), and data representative of the parts of the environment (14) both closer to and more distant from the trans- 
mitter (1 2) than the target (16) are stored, but only the data representative of the closer part of the environment (14) 
are updated, whereby further data are updated as, and whenever, the target (1 6) recedes from the transmitter (1 2). 

8. A method according to any of Claims 1 to 5 wherein the stored reference data with which the return signals are 
compared comprise data representative both of the environment (14) and of the target (16). 

9. A method according to Claim 8 wherein the return signals are compared with reference data representative of the 
environment (14), and, if no displacement of the target (16) is detected from this comparison, are additionally com- 
pared with reference data representative of the target (16) and the environment (14). 

10. A method according to any of the preceding claims wherein the stored reference data are representative of return 
signals sensed at at least one previous instant 

11. A method according to any of the preceding claims wherein the transmit signal is transmitted at a plurality of 
instants, the stored reference data is derived from the return signals and is stored at selected instants, and the dis- 
placement of the target (16) is detected by comparing the return signals sensed at one instant and the reference 
data sensed at at least one previous such selected instant 

12. A method according to any of the preceding claims wherein the stored reference data are only updated if displace- 
ment of the target (16) is detected. 

13. A method according to any of the preceding claims wherein timing errors in the return signals are detected and 
compensated for, and preferably the relative timing of the reference data and the return signals is compared and 
compensation is made if any timing error is detected from the comparison. 

14. A method according to any one of the preceding claims wherein the respective amplitudes of a reference point on 
the return signal waveform and on the reference data are compared. 

15. A method according to any of the preceding claims wherein data representative of the environment (14) are deter- 
mined in the absence of the target (16). 

1 6. A method according to any of the preceding claims wherein the target (1 6) is initially identified either as the first fea- 
ture for which a displacement is detected or by the user. 

17. A method according to any of the preceding claims wherein data representative of a predetermined portion of the 
environment (1 4) adjacent the target (1 6) are stored, the storage of data being arranged to keep track of movement 
of the target (16). 

18. A method according to any of the preceding claims wherein the target displacement is detected in dependence on 
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a difference waveform derived by comparing the return signals and the stored reference data and preferably 
derived by subtracting one of the return signals and the reference data from the other. 

19. A method according to Claim 18 wherein the target displacement is detected in dependence on the location of an 
edge of the difference waveform in the region corresponding to the target position. 

20. A method according to any of Claims 1 to 1 9 wherein the transmit signal is a broadband pulse, and has a bandwidth 
greater than 20% of its centre frequency. 

21 . A method according to Claim 20 wherein the centre frequency of the transmit pulse is less than 5 GHz. 

22. Apparatus for detecting the displacement of a target (16) in a given environment (14), comprising : 

means for storing reference data comprising data representative of the environment (14); 
means (12) for transmitting a transmit signal towards the target (16); 
means (12) for sensing the return signals from the target (16) and the environment (14); and 
means for detecting the displacement of the target (16) by comparing the return signals and the stored refer- 
ence data; 
characterized by 

the storage means being adapted to update the reference data at an update rate which is varied in depend- 
ence on the displacement of the target (16). 

23. Apparatus according to Claim 22, the apparatus comprising means for comparing the return signals and at least a 
' portion of the reference data prior to carrying out a thresholding process to identify a return signal from the target, 

and preferably includes means for subtracting one of the return signals and at least a portion of the reference data 
from the other prior to carrying out the thresholding process. 

24. Apparatus according to Claim 22 or Claim 23 wherein the target is a surface of a sample and the environment is a 
container for the sample, and preferably the target is the surface of a liquid and the environment is a container for 
the liquid. 

25. Apparatus according to any of Claims 22 to 24 wherein the detection means is adapted to compare the return sig- 
nals only with stored reference data representative of the environment (14) and preferably the storage means is 
adapted to store data representative of the parts of the environment (14) both closer to and more distant from the 
transmitting means (12) than the target (16), but only to update the data representative of the closer part of the 
environment (14), whereby further data are updated as, and whenever, the target (16) recedes from the transmit- 
ting means (12). 

26. Apparatus according to any of Claims 22 to 25 wherein the storage means is adapted to store data representative 
both of the environment (14) and of the target (16) and the detection means is adapted to compare such data with 
the return signals, and preferably the detection means is adapted to compare the return signals with reference data 
representative of the environment (14), and, if no displacement of the target (16) is detected from this comparison, 
additionally to compare the return signals with reference data representative of the target (16) and the environment 
(14). 

27. Apparatus according to any of Claims 22 to 26 wherein the storage means is adapted to store reference data rep- 
resentative of return signals sensed by the sensing means at at least one previous instant, and preferably the trans- 
mitting means (12) is adapted to transmit the transmit signal at a plurality of instants, the storage means is adapted 
to derive the reference data from the return signals and store such data at selected instants, and the detecting 
means is adapted to detect the displacement of the target (16) by comparing the return signals sensed at one 
instant and the reference data sensed at at least one previous such selected instant 

28. Apparatus according to any of Claims 22 to 27 wherein the storage means is adapted to update the stored refer- 
ence data only if displacement of the target (16) is detected. 

29. Apparatus according to any of Claims 22 to 28 including means for comparing the relative timing of the reference 
data and the return signals and for making compensation rf any timing error is detected from the comparison. 
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30. Apparatus according to any of Claims 22 to 29 including means for comparing the respective amplitudes of a ref- 
erence point on the return signal waveform and on the reference data. 

31. Apparatus according to any of Claims 22 to 30 wherein the detection means is adapted to identify the target (16) 
initially as the first feature for which the detection means detects a displacement. 

32. Apparatus according to any of Claims 22 to 31 wherein the storage means is adapted to store data representative 
of a predetermined portion of the environment (14) adjacent the target (16), and is adapted to keep track of move- 
ment of the target (1 6). 

33. Apparatus according to any of Claims 22 to 32 wherein the detection means is adapted to derive a difference wave- 
form by comparing the return signals and the stored reference data, and to detect the target displacement in 
dependence on the difference waveform. 

PatentansprQche 

1 . Verfahren zum Detektieren der Verschiebung eines Ziels oder Targets (nachfolgend kurz *ZieO (1 6) in einer vorge- 
gebenen Umgebung (14), umfassend die Schritte: 

Referenzdaten werden gespeichert, die Daten umfassen, die reprasentativ fOr die Umgebung (14) sind; 
ein SendesignaJ wird in Richtung auf das Ziel (16) gesendet; 

die RQckkehrsignale von dem Ziel (16) und der Umgebung (14) werden gefQhlt bzw. detektiert; und 

die Verschiebung des Ziels (1 6) wird durch Vergleichen der RQckkehrsignale und der Referenzdaten detektiert; 

dadurch gekennzeichnet, dass 

die Referenzdaten mit einer Aktualisierungsrate aktualisiert werden, die in Abhangigkeit von der Verschiebung 
des Ziels (16) variiert wird. 

2. Verfahren nach Anspruch 1 , bei dem die Detektion der Verschiebung des Ziels den Schritt umfasst dass die Ruck- 
kehrsignaie und zumindest ein Teil der Referenzdaten verglichen werden, bevor ein Schweilenwertvorgang ausge- 
fuhrt wird, urn ein RQckkehrsignaJ von dem Ziel zu identif izieren. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, bei dem die Detektion der Verschiebung des Ziels den Schritt 
umfasst. dass eines der RQckkehrsignale und zumindest ein Teil der Referenzdaten voneinander abgezogen wer- 
den, bevor ein Schweilenwertvorgang ausgefOhrt wird, um ein RGckkehrsignal von dem Ziel zu identifizieren. 

4. Verfahren nach einem der vorhergehenden AnsprOche, bei dem das Ziel eine Oberf&che einer Probe und die 
Umgebung ein Container bzw. Behaiter fur die Probe ist 

5. Verfahren nach Anspruch 4, bei dem das Ziel die Oberf lache einer FIGssigkeit und die Umgebung ein Behafter fGr 
die FIGssigkeit ist. 

6. Verfahren nach einem der vorhergehenden AnsprGche, bei dem die Ruckkehrsignaie nur mit gespeicherten Refe- 
renzdaten verglichen werden, die reprasentativ fOrdie Umgebung (14) sind. 

7. Verfahren nach einem der vorhergehenden AnsprGche. bei dem das Sendesignal von einem Sender (12) gesendet 
wird und bei dem sowohl Daten, die ndher zum Sender (12) als das Ziel sind, als auch Daten, die welter entfernt 
von dem Sender (1 2) ais das Ziel sind und die reprasentativ fGr die Teile der Umgebung (14) sind, gespeichert w r- 
den, bei dem jedoch nur die Daten, die reprasentativ fGr den naherliegenden Teil der Umgebung (14) sind, aktua- 
lisiert werden. wodurch weitere Daten aktualisiert werden, wenn und wann immer das Zief (16) sich von dem 
Sender (12) entfernt 

8. Verfahren nach einem der AnsprGche 1 bis 5, bei dem die gespeicherten Referenzdaten, mit denen die Ruckkehr- 
signaie verglichen werden, Daten umfassen, die sowohl fGr die Umgebung (14) als auch fGr das Ziel (16) reprasen- 
tativ sind. 

9. Verfahren nach Anspruch 8. bei dem die RGckkehrsignale mit Referenzdaten, die reprasentativ fGr die Umgebung 
(14) sind, verglichen werden und diese, fails anhand dieses Vergleichs keine Verschiebung des Ziels (16) detektiert 
wird. zusatzlich mit Referenzdaten verglichen werden, die reprasentativ fur das Ziel (16) und die Umgebung (14) 
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sind. 

1 0- Verfahren nach einem der vorhergehenden AnsprQche, bei dem die gespeicherten Ref erenzdaten reprdsentativ fQr 
RQckkehrsignale sind, die zu zumindest einem vorherigen Zertpunkt gefQhlt bzw. detektiert worden sind. 

1 1 . Verfahren nach einem der vorhergehenden AnsprQche. bei dem das SendesignaJ zu einer Vielzahl von Zertpunkten 
gesendet wind, bei dem der gespeicherte Referenzdatenwert von den RQckkehrsignaien abgeleitet wird und zu 
ausgewdhlten Zeitpunkten gespeichert wird, und bei dem die Verschiebung des Ziels (16) dadurch detektiert wird, 
dass die RQckkehrsignale, die zu einem Zertpunkt gefQhlt werden, und der Referenzdatenwert der zu zumindest 
einem in dieser Weise ausgewahrten vorherigen Zeitpunkt gefQhlt worden ist, verglichen werden. 

12. Verfahren nach einem der vorhergehenden AnsprQche, bei dem die gespeicherten Referenzdaten nur aktualisiert 
werden, tells die Verschiebung des Ziels (16) detektiert wird. 

13. Verfahren nach einem der vorhergehenden AnsprQche, bei dem Synch ronisierungsfehJer in den RQckkehrsignaien 
detektiert werden und kompensiert werden und bei dem vorzugsweise die relative Synchronisierung der Referenz- 
daten und der RQckkehrsignale verglichen wird und eine Kompensation vorgenommen wind, falls mit dem Vergleich 
irgendein Synchronisierungsfehler detektiert wird. 

14. Verfahren nach einem der vorhergehenden AnsprQche, bet dem die Amplitude eines Referenzpunktes auf der Wel- 
lenform des RQckkehrsignals und auf den Referenzdaten jeweils verglichen wird. 

15. Verfahren nach einem der vorhergehenden AnsprQche, bei dem Daten. die reptesentativ fQr die Umgebung (14) 
sind, in Abwesenhert des Ziels (16) bestimmt werden. 

16. Verfahren nach einem der vorhergehenden AnsprQche, bei dem das Ziel (16) zunachst entweder als das erste 
Merkmal, fur das eine Verschiebung detektiert wird, Oder durch den Benutzer identrf iziert wird. 

17. Verfahren nach einem der vorhergehenden AnsprQche, bei dem Daten, die repraserrtatrv fflr einen vorbestimmten 
Abschnitt der Umgebung (14) in der NShe des Ziels (16) sind, gespeichert werden, wobei der Speicher fQr die 
Daten so ausgelegt ist um der Bewegung des Ziels (16) auf der Spur zu bleiben. 

18. Verfahren nach einem der vorhergehenden AnsprQche, bei dem die Verschiebung des Ziels in Abhangigkeit von 
einer Drfferenz-Wellerrform detektiert wird, die durch Vergletchen der RQckkehrsignale und der gespeicherten 
Referenzdaten abgeleitet wind und die vorzugsweise durch Subtrahieren eines der RQckkehrsignale und der Refe- 
renzdaten voneinander abgeleitet wird. 

1 9. Verfahren nach Anspruch 1 8, bei dem die Verschiebung des Ziels in Abhangigkeit von der Position einer Flanke der 
Differenz-Wellerrfbrm in dem Bereich, der der Zielposition entspricht, detektiert wird. 

20. Verfahren nach einem der AnsprQche 1 bis 19. bei dem das Sendesignal ein Breitband-lmpuls ist und eine Band- 
breite von mehr als 20 % seiner Mrttenfrequenz aufweist 

21. Verfahren nach Anspruch 20, bei dem die Mittenfrequenz des Sendeimpulses Weiner als 5 GHz ist. 

22. Vorrichtung zum Detektieren der Verschiebung eines Ziels (16) in einer vorgegebenen Umgebung (14), umtas- 
send: 

ein Mittel zum Speichern von Referenzdaten, die Daten umfassen, die repraserrtativ fQr die Umgebung (14) 
sind; 

ein Mittel (12) zum Senden eines Sendesignals in Richtung auf das Ziel (16); 

ein Mittel (12) zum FuhJen bzw. Detektieren der RQckkehrsignale von dem Ziel (16) und der Umgebung (14); 
und 

ein Mittel zum Detektieren der Verschiebung des Ziels (16) durch Vergleichen der RQckkehrsignale und der 
gespeicherten Referenzdaten; 
dadurch gekennzeichnet, dass 

das Speichermittel ausgelegt ist, um die Referenzdaten mit einer Aktuaiisierungsrate zu aktuaiisieren, die in 
Abhangigkeit von der Verschiebung des Ziels (16) variiert wind. 
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23. Vorrichtung nach Anspruch 22, welche Vorrichtung ein Mittel urrrfasst. um die Ruckkehrsignale und zumindest 
einen Teil bzw. Abschnitt der Referenzdaten zu vergleichen, bevor ein Schwellenwertvorgang ausgefuhrt wird, um 
ein Ruckkehrsignal von dem Ziel zu identif izieren, sowie vorzugsweise ein Mittel umfasst um eines der Ruckkehr- 
signale und zumindest einen Teil der Referenzdaten voneinander zu subtrahieren, bevor der Schwellenw rtvor- 
gang ausgefuhrt wird. 

24- Vorrichtung nach Anspruch 22 oder 23, bei der das Ziel eine Oberf Ifiche aner Probe und die Umgebung ein Behdl- 
ter fur die Probe ist und bei dem das Ziel vorzugsweise die Oberf ISche einer RQssigkeit und die Umgebung ein 
Behaiter fur die Hussigkeit ist 

25. Vorrichtung nach einem der Anspruche 22 bis 24, bei der das Detektionsmrttel ausgelegt ist um die Ruckkehrsi- 
gnale nur mit gespeicherten Referenzdaten zu vergleichen, die reprdserrtativ fQr die Umgebung (14) sind, und bei 
der das Speichermittel vorzugsweise ausgelegt ist um sowohl Daten zu speichern, die naher zum Sendemittel (12) 
aJs das Ziel sind, ais auch Daten zu speichern, die weiter errtfernt von dem Sendemrttel (12) afs das Ziel sind und 
die reprdserrtativ fur die Teile der Umgebung (14) sind, um jedoch nur die Daten zu aktuaiisieren, die repr&sentativ 
fur den ndher gelegenen Teil der Umgebung (14) sind, wodurch weitere Daten dann und wann immer aktualisiert 
werden, wenn das Ziel (16) sich von dem Sendemittel (12) errtfernt. 

26. Vorrichtung nach einem der Anspruche 22 bis 25, bei der das Speichermittel ausgelegt ist. um Daten zu speichern, 
die sowohl fQr die Umgebung (14) aJs auch fQr das Ziel (16) reprdsentativ sind, und bei der das Detektionsmrttel 
ausgelegt ist, um solche Daten mit den Ruckkehrsignalen zu vergleichen, und bei der das Detektionsmrttel vor- 
zugsweise ausgelegt ist, um die Ruckkehrsignale mit Referenzdaten zu vergleichen, die reprdsentativ fQr die 
Umgebung (14) sind, und dann, falls keine Verschiebung des Ziels (16) anhand dieses Vergleichs detektiert wird, 
die Ruckkehrsignale zusatzlich mit Referenzdaten zu vergleichen, die repr&sentativ fQr das Ziel (16) und die Umge- 
bung (14) sind. 

27. Vorrichtung nach einem der Anspruche 22 bis 26, bei der das Speichermittel ausgelegt ist um Referenzdaten zu 
speichern. die reprasentativ fur Ruckkehrsignale sind, die von dem Fuhlmittel bzw. Detektionsmrttel zu zumindest 
einem vorherigen Zeitpunkt gefuhlt bzw. detektiert wurden t und bei der das Sendemittel (12) vorzugsweise ausge- 
legt ist um das Sendesignal zu einer Vielzahl von Zeitpunkten zu senden, bei der das Speichermittel ausgelegt ist, 
um die Referenzdaten von den Ruckkehrsignalen abzulerten und solche Daten zu ausgewahften Zeitpunkten zu 
speichern, und bei der das Detektionsmrttel ausgelegt ist, um die Verschiebung des Ziels (16) dadurch zu detek- 
tieren, dass die RQckkehrsignale, die zu einem Zeitpunkt gefuhlt bzw. detektiert werden, und die Referenzdaten, 
die zu zumindest einem vorherigen und in dieser Weise ausgewShlten Zeitpunkt gefuhlt bzw. detektiert werden, 
verglichen werden. 

28. Vorrichtung nach einem der Anspruche 22 bis 27, bei der das Speichermittel ausgelegt ist um die gespeicherten 
Referenzdaten nur dann zu aktuaiisieren, falls die Verschiebung des Ziels (16) detektiert wird. 

29. Vorrichtung nach einem der Anspruche 22 bis 28, die ein Mittel umfasst, um die relative Synchronisierung der Refe- 
renzdaten und der Ruckkehrsignale zu vergleichen und um eine Kbmpensation vorzunehmen, falls irgendein Syn- 
chronisierungsfehler anhand dieses Vergleichs detektiert wird. 

30. Vorrichtung nach einem der Anspruche 22 bis 29, die ein Mittel umfasst, um die Amplitude eines Referenzpunktes 
auf der Wellenform des Ruckkehrsignals und auf den Referenzdaten jeweils zu vergleichen. 

31. Vorrichtung nach einem der Anspruche 22 bis 30, bei der das Detektionsmrttel ausgelegt ist. um zunachst clas Zi I 
(16) als das erste Merkmai zu identifizieren, fur das das Detektionsmrttel eine Verschiebung detektiert. 

32. Vorrichtung nach einem der Anspruche 22 bis 31 , bei der das Speichermittel ausgelegt ist, um Daten zu speichern, 
die reprasentativ fur einen vorbestimmten Abschnitt der Umgebung (14) in der Nahe des Ziels (16) sind, und aus- 
gelegt ist, um einer Bewegung des Ziels (16) auf der Spur zu bleiben. 

33. Vorrichtung nach einem der Anspruche 22 bis 32. bei der das Detektionsmrttel ausgelegt ist, um eine Differenz- 
Wellenform durch Vergleichen der Ruckkehrsignale und der gespeicherten Referenzdaten abzulerten und um die 
Zielverschi bung in Abhangigkert von der Differenz-Wellenform zu detektieren. 
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Revendicatf ns 

1 . Procgdg de detection du defacement d'une cible (16) dans un environnement donne (1 4), comprenant les Stapes 
consistarrt k: 

stocker des donnges de rgfgrence comprenant des donnges reprgsentant renvironnement (14); 
dgtecter les signaux de retour de la cible (16) et de renvironnement (14); et 

dgtecter le dgplacement de la cible (16) en comparant les signaux de retour et les donnges de rgfgrence; 
caractgrisg e n ceaue 

les donnges de rgf grence sont actualisges k une frequence de mise k jour qui change en fonction du dgplace- 
ment de la cible (16). 

2. Procgdg selon la revendi cation 1 , dans lequel la detection du dgplacement de la cible comprend I'gtape consistant 
k comparer les signaux de retour et au moins une partie des donnges de rgf grence avant I'execution d'un seuillage 
pour identifier un signal de retour de la cible. 

3. Procgdg selon la revendication 1 ou la revendication 2, dans lequel la detection du dgplacement de la cible com- 
prend I'gtape consistant k soustraire des autres signaux et donnees un des signaux de retour et au moins une par- 
tie des donnees de reference avant d'exgcuter un seuillage pour identifier un signal de retour de la cible. 

4. Procgdg selon Tune quelconque des revendications prgcgderrtes, dans lequel la cible est une surface d'un gchan- 
tillon et renvironnement est un recipient pour I'gchantillon. 

5. Procgdg selon la revendication 4, dans lequel la cible est la surface d'un liquide et renvironnement est un recipient 
pour le liquide. 

6. Procgdg selon i'une quelconque des revendications prgcgderrtes, dans lequel les signaux de retour sont compares 
uniquement avec des donnees de rgfgrence stockges reprgsentant renvironnement (14). 

7. Procgdg selon I'une quelconque des revendications prgcgderrtes, dans lequel le signal demission est gmis depuis 
un gmetteur (12), et des donnges reprgsentant les parties de renvironnement k la fois plus proches et plus gloi- 
gnges de I'gmetteur (12) que la cible (16) sont stockges, mais seules les donnges reprgsentant la partie de renvi- 
ronnement sttu6e plus prgs sont actuaiisees, grace k quoi d'autres donnees sont actualisges lorsque et chaque fois 
que la able (16) recule par rapport k I'gmetteur (12). 

8. Procgdg selon I'une quelconque des revendications 1 k 5, dans lequel les donnges de reference stockges avec les- 
quelles sont compargs les signaux de retour comprennent des donnees reprgsentant k la fois renvironnement (1 4) 
et la cible (16). 

9. Procgdg selon la revendication 8, dans lequel les signaux de retour sont compares avec des donnees de rgfgrence 
reprgsentant renvironnement (14), et, si aucun dgplacement de la cible (16) n'est dgtectg k la suite de cette com- 
paraison, sont en outre compares avec des donnees de rgfgrence reprgsentant la cible (16) et I'environnement 
(14). 

10. Procgdg selon I'une quelconque des revendications precedent es, dans lequel les donnges de rgfgrence stockges 
represerrterrt des signaux de retour dgtectgs au moins k un instant prgcgdent. 

11. Procgdg selon I'une quelconque des revendications prgcgderrtes, dans lequel le signal demission est gmis k plu- 
sieurs reprises, les donnees de rgfgrence stockges sont extraites des signaux de reference et sont stockges k des 
instants choisis. et le defacement de la cible (16) est dgtectg en comparant les signaux de retour detects k un 
instant et les donnees de rgfgrence dgtectges au moins k un tel instant precedent crtoisi. 

12. Precede selon I'une quelconque des revendications precedentes, dans lequel les donnges de reference stockges 
ne sont actuaJisges que si le dgplacement de la cible (16) est dgtectg. 

13. Procgdg selon I'une quelconque des revendications prgcgderrtes, dans lequel les signaux de retour sont dgtectgs 
et compensgs, et de prgfgrence (a durge relative des donnges de rgfgrence et des signaux de retour est comparge 
et une compensation est faite si une erreur de durge est dgtectee grdce k la comparaison. 
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1 4. ProcedS selon Vune quelconqu des revendications precedentes, dans Iequei les amplitudes respectives d'un point 
de reference sur la forme d'onde des signaux de retour et sur les donnees de reference sont comparees. 

15. Precede selon Tune queiconque des revendications precedentes, dans iequei des donnees representant I'environ- 
5 nemerrt (1 4) sont determinees en ('absence de la cible (1 6). 

1 6. Procdde selon Tune queiconque des revendications precedentes, dans Iequei la able (1 6) est inrtialement identif iee 
sort comme premier element pour Iequei un depiacement est detecte. sort par I'utilisateur. 

w 17. Precede selon Tune queiconque des revendications precedentes, dans Iequei des donnees representant une par- 
tie predetermine de renvironnemerrt (14) adjacerrte k fa cible (16) sont stockees, le stockage de donnees etant 
congu pour suivre le mouvement de la cible (16). 

18. Procede selon Tune queiconque des revendications precedentes, dans Iequei le displacement de fa cible est choisi 
is en fonction d'une forme d'onde de difference obtenue en comparant les signaux de retour et les donnees de refe- 
rence stockees. et de preference obtenue en soustrayant des autres signaux et donnees un des signaux de retour 
et une des donnees de reference. 

1 9. Precede selon la revendication 1 8, dans Iequei le depiacement de la able est detects en fonction de ^emplacement 
20 d'un front de la forme d'onde de difference dans la region correspondent k la position de la cible. 

20. Procede selon Tune queiconque des revendications 1 & 19, dans Iequei le signal remission est une impulsion k 
large bande et a une largeur de bande superieure k 20% de sa frequence centraie. 

25 21. Precede selon la revendication 20, dans Iequei la frequence centraie de Timpulsion remission est inferieure k 5 
GHz. 

22. Dispositif pour detecter le depiacement d'une able (16) dans un environnement donne (14), comprenant: 

30 un moyen pour stocker des donnees de reference comprenant des donnees representant renvironnemerrt 

04); 

un moyen (12) pour emettre un signal demission vers fa cible (16); 

un moyen (12) pour detecter les signaux de retour de la cible (16) et de I'environnement (14); et 
un moyen pour detecter le depiacement de la cible (16) en comparant les signaux de retour et les donnees de 
35 reference stockees; 

caracterise en ce que 

le moyen de stockage est apte a actuaiiser les donnees de reference k une cadence d'actualisation qui change 
en fonction du depiacement de la cible (1 6). 

40 23. Dispositif selon la revendication 22, le dispositif comportant un moyen pour comparer fes signaux de retour et au 
motns une partie des donnees de reference avant ('execution d'un seuilfage pour identifier un signal de retour de 
la cible, et comporte de preference un moyen pour soustraire des autres signaux et donnees un des signaux de 
retour et au moins une partie des donnees de reference avant I'execution du seuillage. 

45 24. Dispositif selon fa revendication 22 ou la revendication 23, dans Iequei fa cible est une surface d'un echantillon et 
I'environnement est un recipient pour rechantiilon, et de preference fa cible est fa surface d'un fiquide et renviron- 
nemerrt est un recipient pour le liquide. 

25. Dispositif seJon I'une queiconque des revendications 22 k 24, dans Iequei le moyen de detection est apte k com- 
so parer les signaux de retour uniquement avec des donnees de reference stockees representant I'environnement 

(14) et. de preference, le moyen de stockage est apte a stocker des donnees representant fes parties de renviron- 
nemerrt (14) k la fois plus proches et plus eioignees du moyen d' emission (12) que la cible (16), mais seulement 
pour actuaiiser les donnees representant la partie de I'environnement (14) situee plus pres. gr§ce k quoi d'autres 
donnees sont actuafisees lorsque et chaque fois que la cible (16) recule par rapport au moyen demission (12). 

55 

26. Dispositif selon f'une queiconque des revendications 22 k 25, dans Iequei le moyen de stockage est apte k stocker 
des donnees representant aussi bien renvironnemerrt (14) que fa cible (16) et le moyen de detection est apte a 
comparer ces donnees avec les signaux de retour, et de preference le moyen de detection est apte k comparer les 
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signaux de retour avec des donnees de reference reprgsentant renvironnement (14), et si aucun deplacement de 
la cible (16) n'est d&ecfe grdce k cette comparaison, en outre k comparer les signaux de retour detecfes avec des 
donnees de reference repfesentant la cible (16) et renvironnement (14). 

27. Dispositif selon Tune quelconque des revendications 22 a 26, dans lequel le moyen de stockage est apte a stocker 
des donnees de reference repr^serrtant des signaux de retour d6tect6s par le moyen de detection au moins k un 
instant precedent et de preference le moyen demission (1 2) est apte k £mette le signal demission k plusieurs ins- 
tants, le moyen de stockage est apte k extraire les donnees de reference des signaux de retour et k stocker ces 
donnees k des instants choisis, et le moyen de detection est apte k detecter le d6placement de la able (16) en 
comparant les signaux de retour d£tect£s k un instant et les donnees de reference detecfees au moins k un tel ins- 
tant choisi pr6c£dent 

28. Dispositif selon Tune quelconque des revendications 22 k 27, dans lequel le moyen de stockage est apte k actua- 
liser les donnees de reference stockges seulement si un d£placement de la cible (16) est dgtecfe. 

29. Dispositif selon Tune quelconque des revendications 22 k 28, comportant un moyen pour comparer la dur£e rela- 
tive des domfees de reference et des signaux die retour et pour proc6der k une compensation si une erreur de 
dufee est 6ventuellement d&ecfee grace k la comparison. 

30. Dispositif selon Tune quelconque des revendications 22 k 29, comportant un moyen pour comparer les amplitudes 
respectives d'un point de reference sur la forme d'onde des signaux de retour et sur les donnees de reference. 

31. Dispositif selon I'une quelconque des revendications 22 k 30, dans lequel le moyen de detection est apte k identi- 
fier initialement la cible (16) en tant que premier element pour lequel le moyen de detection detecte un d£place- 
merrt. 

32. Dispositif selon Tune quelconque des revendications 22 a 3 1 , dans lequel le moyen de stockage est apte k stocker 
des donnees repfesentant une partie predetermine de renvironnement (14) adjacerrte k la cible (16), et est apte 
k suivre le mouvement de la able (16). 

33. Dispositif selon Tune quelconque des revendications 22 a 32, dans lequel le moyen de detection est apte k obtenir 
une forme d'onde de difference en comparant les signaux de retour et les donnees de reference stockees. et a 
detecter le deplacement de la cible en fonction de la forme d'onde de difference. 
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